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Figure S1 
SUPPLEMENTARY METHODS
SNPs in the ALL Quartet
In order to distinguish germline events from somatic events, each affected child from the ALL quartet was sampled twice, pre-and post-treatment. The pre-treatment samples had less than 20% tumour cells making it difficult to identify tumor-specific mutations in these ALL cases. Exome SNP Dataset
Exome sequencing was performed as described in Material and Methods. Basic statistics are presented in Table S1A . To have the most accurate set of SNPs possible, we used two approaches that make use of inheritance patterns to call SNPs in the six samples:
(i) Samtools dataset: Mismatches according to the hg18 human reference genome were called using Samtools and were considered as SNPs when the quality score (Phred score) is > 20 and when the position is covered in all samples. Extra SNPs with a quality score below 20 in the offspring (pre and post-treatment) were rescued when the position is covered in each sample and the variant allele is confirmed in 30% of the reads in one parent. (ii) Polymutt dataset: The program Polymutt implements a likelihood-based method for calling SNPs in trio data [1] . Each of the four trios was processed independently and produced a list of genotype calls for SNPs in each individual and a mean quality score for the trio as a whole. We selected the SNPs having a mean quality score > 20 and covered in all samples. We removed 1343 SNPs for which the genotype calls were inconsistent for the parents between the different trio analyses.
A total of 30,360 and 47,243 SNPs were inferred by the Samtools and Polymutt approaches, respectively. A total of 28,747 SNPs, called by both methods, were retained for further analysis. Genotypes called by Polymutt at these positions were selected for the six samples, because the genotype mendelian error rate for the Samtools dataset (9115 errors, mendelian error rate of 7.93%) was higher than for the Polymutt dataset (511 errors, mendelian error rate of 0.44%). Finally, we removed 4799 SNPs, homozygous with non-reference alleles in all six samples, and obtained a final exome SNP dataset of 23,437 polymorphic positions.
Genotyping SNP Datasets
The ALL quartet samples were genotyped on two different platforms: the Illumina HumanOmni 2.5-quad BeadChips and the Affymetrix 6.0 SNP arrays.
For the Illumina Omni 2.5 array, 2,383,178 SNPs passed standard quality control filters. The parents were genotyped twice, with a concordance rate of 99,987%. We removed 617 discordant SNPs between duplicated parents, 1339 SNPs with Mendelian errors, 21,532 SNPs with missing data and 1,552,225 SNPs homozygous in all samples. We obtained a final Illumina SNP dataset of 808,082 polymorphic markers.
For the Affymetrix 6.0 array, we obtained 909,515 SNPs after applying standard quality control filters. We subsequently removed 2447 duplicated SNPs, 4403 SNPs with Mendelian errors and 110,423 SNPs with missing data. The final Affymetrix SNP dataset contained a total of 792,242 markers.
Recombination SNP Dataset
To obtain a complete recombination SNP dataset for the ALL quartet, that allows a finer detection of recombination events in coding regions, we merged the exome SNP dataset and the Illumina SNP dataset. Among Illumina Omni2.5 SNPs that passed standard quality control filters, 16,839 SNPs are positioned in Agilent SureSelect targeted regions used in the exome sequencing experiment. Among these, we removed 161 positions detected as polymorphic in the exome sequencing data but homozygous for all samples in the genotyping data. For 3347 polymorphic Illumina SNPs that were not detected in the exome sequencing data, most of which went undetected because the positions were not covered in all samples in the exome data, genotype calls from the Illumina SNP dataset were kept. For the remaining 13,331 coincident positions, the genotype concordance rate was 0.976. We removed 3 SNPs that had different alleles in the two datasets and 1309 SNPs that had the same alleles but at least one sample with discordant genotypes. Combining the concordant SNPs with the remaining SNPs from both datasets, we obtained a final recombination SNP dataset of 816,715 for the ALL quartet (Table  S1B) .
De novo mutation discovery in the ALL quartet DND Software [2, 3] To discover de novo point mutation in sequencing data, we used a probabilistic approach DND developed by our group [2, 3] . The method uses the relatedness between individuals in a pedigree to produce the posterior probability of de novo mutation at each genomic site, given the error rate of the sequencing technology, the somatic mutation rate and the population mutation rate for the population from which the samples were drawn. DND was run on four trios:
, where M is the mother, F is the father, R1 denotes pre-treatment samples and R2 denotes post-treatment samples for the two brothers, patients 383 and 610. We used a sequencing error rate of ε = 0.005, a somatic mutation rate of µ = 2×10 -7 and a population mutation rate of θ = 0.001, and examined all sites within targeted regions covered by at least 15 reads in samples from each trios. Simulations revealed that highest confident calls require a read depth of at least 15 in both parents and the nonmutant allele [2] . To infer a germline de novo mutation in a child, we considered all positions that had a probability of de novo > 0.90 in at least one of the two samples (R1 or R2), with the same alternative allele present in at least one read in the other sample. We found 27 such candidates in 383 and 15 in 610. We removed candidates for which at least two reads in the parents showed the alternative allele: previous validation experiments [3] showed that such de novo candidates are very likely to be false positives. Similarly, we removed candidates where at least two reads with the same alternative allele was seen in the sibling. This filter was applied if the children shared at least one parental chromosome at that locus ( Figure S10 ). Although these candidate de novo mutations could reflect mutations that happened in premeiotic divisions in germinal stem cells, it is more likely that the allele was not sampled in the sequencing experiment for that parent or resulted from similar sequencing or mapping errors in both children. Unfortunately, although 7 passed the parental filter, none of the de novo candidates passed the sibling filter.
Sample-independant approach
Using the DND software with stringent parameters, we only interrogated regions covered at more than 15X in the parents, which in this case corresponds to ~12Mb of the human exome. To investigate other positions targeted by the sequencing experiments, we used SNPs from the samtools dataset called via a sample-independent strategy [3] . We selected positions with at least 8X coverage in the parents (25,286,190 bp) and considered all Mendelian errors. To be called a de novo candidate, the variant allele must be seen at least 5 times in one of the child samples, at least twice in the other sample from the same sibling and must not be seen at all in the parental samples or in the other sibling. We identified one such mutation in patient 383 ( Figure S1 ), located on chromosome 5 at position 64 860 544 (hg18). At this locus, the two brothers copied the same paternal chromosome and different maternal chromosomes ( Figure S10 ). If we assumed a binomial distribution with a probability of 0.5 of sequencing the variant allele at a heterozygous position, the probability that this variant was transmitted from the father and that the variant was not sampled in neither the father nor patient 610 (total coverage of 27X) is p = 7.45×10 -9 . On the other hand, the probability that this variant was transmitted from the mother to 383 (coverage of 10X) is p = 9.77×10 -3 .
SUPPLEMENTARY RESULTS
Patients' Karyotype
The brothers from the ALL quartet family were both diagnosed, within a 3 years period of time, with B-cell precursor childhood ALL with FAB-L1 morphology at Sainte-Justine Hospital, Montreal, Canada, at the age of 2 for patient 383 and subsequently, at 14 years of age for patient 610. At diagnosis, both siblings showed hyperdiploid leukemia clones. Cytogenetic analyses were performed using standard procedures. [4] . This aberration is not associated with a specific syndrome and no abnormal phenotype has been described [5] . However, such inversions may lead to recombinants gametes with abnormal karyotes, through crossing over between the normal and inverted homologues.
Fine-scale Dissection of Recombination Events
Recombination analyses were performed separately for the pre-treatment and post-treatment samples, forming two quartets that will be referred to herein as quartet Q1 (pre-treatment) and quartet Q2 (post-treatment). The algorithm used to call recombination events [6] first looks for errors, i.e markers that create double recombinants (Material and Methods). This procedure identified 1214 errors (433 in Q1, 456 in Q2 and 325 in Q1 and Q2). A total of 222 errors came from SNPs from the Illumina SNP dataset and 992 came from the exome SNP dataset. The highest density of sequencing errors detected by the recombination algorithm is located in chromosome 6, between 29 and 34 Mb, in the the complex region of the human leukocyte antigen (HLA) system, very likely caused by mapping errors, given that assembly of this locus using single-end short reads data is difficult.
The algorithm identified a total of 236 switches in the quartet Q1 and 224 in the quartet Q2.
Switches not shared between quartets Q1 and Q2 were separated from their closest neighbouring event by at most 5 markers and are very likely to be caused by calling or alignment errors. All shared switches are presented in Figure S10 . From this list, switches were called as crossovers only if they were separated from their closest neighbour by more than 2 informative markers. They were divided into two categories: single crossovers, when the nearest crossover is at more than 50Kb and double crossovers, when two crossovers were found within 50Kb of each other (Table S2 , Figure 1 ).
Putative Gene Conversion Events
A region on chromosome 16 was intriguing because both parents showed double crossovers at exactly the same locus (separated by 4 and 8 markers in the father and mother, respectively). Genotyping and sequencing markers both supported the double crossovers. Although these double crossovers could reflect gene conversion events, it is unlikely that such events happened in both parents in the same region. A most likely explanation is that this region is not unique in the genome and that the detected genotypes tag polymorphisms positioned somewhere else in the genome. This is probably the case since these double recombinants occur in gene HYDIN, a gene that has been duplicated very recently, with a nearly identical 360-kb paralogous segment inserted on chromosome 1q21.1 [7] . We therefore removed these double crossovers from our final list of paternal and maternal recombination events.
We identified nine other short regions (<50Kb) flanked by recombination events (Table S2) Figure S10 ) occurred within 1 Mb of another clearly defined recombination event. This would necessarily mean that, in one of the two children, at least two recombination events happened closeby. Under the model of crossover interference, however, the presence of one crossover event in a region reduces significantly the possibility of a second event nearby in the same individual. Therefore, these small double crossovers may reflect unique patterns of recombination or gene conversion, not yet identified in humans.
PRDM9 alleles in the ALL Quartet
Because of the reduced proportion of recombination events overlapping with population hotspots observed in the mother of the ALL quartet, we investigated whether variants in the PRDM9 coding region were identifiable based on the read data. We detected two SNPs in the ZnF array domain of exon 11 of PRDM9, both present in dbSNP v134 (rs74710141 and rs77287813). SNP rs74710141 corresponds to the known C/G substitution in the sixth ZnF repeat, the only difference between PRDM9 allele A and B. It appeared that the hg18 reference allele is the B allele. SNP rs77287813 corresponds to a A/C substitution in the tenth finger, corresponding to the only difference existing between ZnF type h and k. Due to the structure of the PRDM9 ZnF array, the presence of this SNP is likely to reflect a supplementary repeat instead of a point mutation in the H ZnF repeat.
To infer which PRDM9 ZnF allele was carried by the mother, we identified the ZnF types present in the read data for the mother (Material and Methods). Out of 1477 reads that mapped to the PRDM9 ZnF array, 26 (1.76%) aligned specifically to the k ZnF type and 8 reads aligned specifically to the l ZnF type, which corresponds to 0.54% of the read data mapped in the array, a value below our inference criteria of 1% (Material and Methods). However, the l ZnF type, which is one mismatch away from the e ZnF type, is two mismatches away from its closest match in the reference: the ZnF type c of the b allele. This is expected to hamper the mapping of reads sampling the l ZnF repeat (for example in cases where there is an error at the end of the read). The two brothers did not copy the same maternal chromosome in this region of chromosome 5. Child 610 had 4417 reads mapping to the PRDM9 ZnF array and very few (a total of 6) aligning to either the k or l ZnF type. On the other hand, child 383 had 59/2625 reads (2.25%) and 18/2625 reads (0.69%) aligning to the k and l ZnF type, respectively. The unusual patterns of recombination in the mother and the occurrence of 85 and 26 reads sampling the k and l ZnF type on one maternal chromosome suggested the presence of the C allele in the mother.
Because SOLiD single-end short reads (50 bp) will not overlap a full ZnF repeat, which is 84 bp long, our data does not allow to determine the order of repeats or insertions in the ZnF array. The A/C genotype in the mother was thus validated by Sanger re-sequencing of the ZnF array (Material and Methods).
Description of PRDM9 Alleles and Novel ZnF Types
Labeling of the PRDM9 zinc finger (ZnF) alleles and repeat types follows that of Berg and colleagues [8] , but to differentiate "allele" from "finger" nomenclature, alleles are in uppercase and fingers are written in lowercase italic characters (for example, allele A has 13 repeats type and is coded: abcddecfghfij). The ZnF repeat types a to x are presented in Figure S6 .
In the 22 parental trios of the FCALL cohort, we detected 11 parents for which read data show evidence for the k and/or l fingers. For 2 additional parents, the p and t fingers were detected (data not shown), suggesting the presence of ZnF allele L24. We performed Sanger sequencing of the ZnF array for 12 families, which included 9 of the 11 parents with k, l or p and t fingers. Sanger sequencing experiments confirmed these 9 PRDM9 alternative alleles and revealed the presence of undetected rare alleles in other families: the allele L3 and two alleles not reported in previous studies, L37 and L38 (Table S3) . Repeat structure for L37 is abcddecfghfqj and for L38, abcddecughfqj, with repeat types described in Figure S6 . Sanger sequencing of PRDM9 ZnF array was also performed for 76 French-Canadian parents from the FC family cohort and 27 Moroccans (Table S5 , Fig S4) . We discovered 5 novel alleles in this data denoted L32 to L36. The newly discovered allele L37 was seen three times in Moroccans. The repeat structure for the novel alleles are: L32=abcvdecfghfij, L33=abcdddecfghfij, L34=abcddecfghfwj, L35=abcddecxghfij and L36=abrddecfghfij, with repeat types described in Figure S6 .
In total, we sequenced 258 PRDM9 ZnF alleles and identified four novel ZnF types: u, v, w and x ( Figure S6 ):
• The u repeat type is a mutated f repeat type, encoding a missense change at a well-conserved position of the repeat sequence: GAG (E)  AAG (K). Only one synonymous mutation was previously observed at this codon (repeat type O, GAG (E)  GAC (E)). This change is not located within the binding unit of the ZnF repeat but it is predicted by SIFT [9] to have a damaging effect on the resulting ZnF array (SIFT score = 0). This repeat type was found in the PRDM9 array from one ALL parent.
• The v repeat type is a mutated d repeat type, encoding a missense change, TAT (Y)  TTT (F), at a position where only synonymous changes were previously observed (TAT (Y)  TAC (Y) in repeat types a, i, j and m). This change is not located within the binding unit of the ZnF repeat and is predicted as tolerated (SIFT score = 0.06). This repeat type was found in the PRDM9 array of two individual of the FC cohort.
• The w repeat type is a mutated i repeat type, encoding a missense change, CGC (R)  CTC (L), at a position not particularly conserved between repeat types. This change is not near the binding unit of the ZnF repeat and is predicted as tolerated (SIFT score = 0.14). This repeat type was found in the PRDM9 array of one individual of the FC cohort.
• The x repeat type is a mutated f repeat type, encoding a synonymous change (AAG (K)  AAA (K)). This repeat type was found in the PRDM9 array of one individual in the Moroccan cohort.
Association Testing using Exome Sequencing Control Cohorts
Because we used exome-sequencing data to detect the excess of rare alleles in both the FCALL and the SJALL cohort, we used two sets of ethnically matched exome-sequenced controls to assess the frequencies of PRDM9 alleles, prior to validation with Sanger sequencing.
The FCALL cohort was compared to the FCEXOME cohort, consisting of 68 healthy parents from three disease cohorts (primary immunodeficiencies, schizophrenia and autistic spectrum disorder) recruited at the Sainte-Justine University Hospital (Montreal, Canada) [10] . Exome capture was performed with the SureSelect Target Enrichment System from Agilent Technologies optimized for Applied Biosystems' SOLiD sequencing. Exonic sequences were obtained using the SOLiD 3 Plus System and the SOLiD 4 System (Applied Biosystems) technology. Sequence reads were aligned to the NCBI Build 36 reference sequence with BioScope v1.2. PRDM9 alleles were typed from exome sequencing read data as described in Material and Methods. Only 6 individuals showed the presence of k-finger alleles. This is significantly lower than in the FCALL cohort, where 12 parents out of 46 showed evidence for k-finger alleles in the read data (p = 0.0182, two-tailed Fisher's Exact Test).
The SJALL cohort was compared to the exome sequencing data from the CEU population sequenced in the 1000 Genomes Project [11] . Read data aligning to PRDM9 ZnF array was retreived for 99 CEU individuals available on the 1000 Genomes ftp server on February 9 th 2012 from the following address: ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase1/technical/other_exome_alignment. These alignements were performed at the Broad Institute using the BWA aligner to map the reads to the NCBI Build 36 reference sequence with Illumina data. This data is different from the read data found in the 'exome_alignment' directory, where the bam files were not informative for PRDM9 alleles because of the alignement parameters used (only uniquely mapped reads were kept). Out of the 99 individuals available, 8 individuals showed strong evidence for k-finger alleles in the read data : NA11843, NA11894, NA12272, NA12275, NA12287, NA12760, NA12830 and NA12842. This is significantly lower than in the replication SJALL cohort, where 10 out of 50 children showed evidence for k-finger alleles in the read data (p = 0.0353, one-tailed Fisher's Exact Test).
Association with SNPs Tagging Rare PRDM9 Alleles
Hinch and colleagues [12] identified SNP rs6889665, located within 4 Kb of the PRDM9 Znf array, for which the ancestral T allele (frequency of 98% in CEU from HapMap) is strongly correlated to PRDM9 alleles binding to the 13-bp motif (including the common PRDM9 A and B alleles), whereas the derived C allele at rs6889665 is almost perfectly correlated to alleles predicted to bind the 17-bp motif, including the PRDM9 C allele. Given the excess of C-like alleles in B-ALL patients, the association between PRDM9 variants and B-ALL could be detectable using this SNP. Unfortunately, this SNP is not present on Affymetrix arrays, however, its closest SNP on the Affymetrix 6.0 array, rs12153202, is in (imperfect) linkage disequilibrium with rs6889665 in CEU from HapMap3. We thus evaluated the association between B-ALL and rs12153202, using CEU from HapMap3 as controls. Considering all 50 patients, the association is significant overall (p = 0.00265), and for the hypodiploid and infant subgroups (p = 0.01103 and p = 0.00118, respectively). These results are in line with the association results between B-ALL and the k-finger PRDM9 alleles ( Table 1 ), suggesting that SNPs rs12153202 and rs6889665 might be useful tag SNPs to detect the PRDM9 association in cohorts where genetic data for the PRDM9 ZnF array is not available, with an increased power if parents (and not only patients) are considered, given the high frequency of C-like alleles in parents of B-ALL patients.
Ancestry Analyses
ALL Quartet
The parents of the ALL quartet are reported to be distant cousins of Moroccan ancestry. To verify their ethnicity and select the appropriate set of controls to use in our analyses, we performed principal components analyses (PCA) of the genetic variation using the smartpca and twstats modules from the Eigensoft package [13] . We first performed a PCA using genotyping data from the parents of the ALL quartet and 163 unrelated individuals from a Moroccan cohort [14] . We selected 27 Moroccan individuals among these with the closest eigenvalues to the 2 first significant PCs ( Figure S3A ), where DNA were available. We performed a second PCA including 28 unrelated French-Canadians individuals from the FC family cohort ( Figure S3B ). The results suggest that the parents of the ALL quartet have some Arab ancestry but are genetically closer to the French-Canadians than the Moroccans, although they also are outlier individuals relative to the French-Canadian cluster. Finally, the estimated genome-wide proportion of alleles identical-by-descent between the parents is 0.0267, which means that the parents are likely to be third cousins. This was computed using the --genome option in PLINK [15] to obtain estimates of pairwise IBD sharing.
FCALL cohort and FC family cohort
We performed a PCA of genetic variation to study genetic ancestry of the parents from the FCALL cohort (parents of patients). We include parents from the FC family cohort (controls) and European and African individuals from the HGDP dataset using positions of SNPs in common between exome sequencing variant found in the FCALL parents, genotyped SNPs in HGDP populations and the Affymetrix 6.0 array used to genotype individuals in the FC family cohort. The analysis demonstrate that French-Canadian parents of patients and controls cluster together with the French HGDP individuals, although the FCALL parents do not exactly overlap with the other two groups on the plot, likely because of the small differences in allele frequencies driven by the different technologies used to type genetic variation (exome SNP calling vs genotyping). In any case, the FCALL parents do not show a higher contribution of African genetic background than individuals from the FC family cohort. Therefore, differences in frequencies of PRDM9 ZnF allele C cannot be explained by a higher African ancestry in individuals from the FCALL cohort.
St Jude ALL cohort
The entire B-ALL St Jude cohort includs 61 B-ALL patients for which reported ethnicities were available. We verified these ethnicities by performing a PCA of the patients' genotyping variation genome-wide and removed from subsequent analyses children with an African genetic ancestry, for which we do not have controls. The PCA confirmed the reported ethnicities for most patients, however five individuals reported as "White" are potentially admixed ( Figure S8 ). From the individuals that were reported as "Other", two individuals are likely mixed (black/white), one is likely Asian and one is likely Hispanic or Native American. Fifty patients showed no African component and were included in our analyses, with 39 children clustering with the French-Canadian controls. Therefore, association testing was performed with and without the 11 children with Hispanic, Asian or Native American ancestry. Table S3 . PRDM9 alleles in the ALL quartet and 12 ALL trios based on read data and resequencing. For fathers (F), mothers (M) and patients (N) in each family, the ZnF repeat types from PRDM9 alleles were first inferred from SOLiD sequencing read data. Repeat types (a to l) are described in Figure S6 . Repeat types with a proportion above 0.01 (highlighted) are inferred to be present in the individuals. Sanger sequencing was subsequently performed in the parents and genotypes with rare alleles are highlighted. All k and l fingers inferred were validated (alleles C, D, L20). (next page) [8] . Alleles L37 and L38 are novel alleles, described in Supplementary Results. Table S4 . PRDM9 alleles in an additional 10 ALL trios with B-ALL children based on read data. ZnF repeat types present in PRDM9 were inferred based on SOLiD read data, for fathers (F), mothers (M) and patients (N) in each family. Repeat types (a to l) are described in Figure S6 . Repeat types with a proportion above 0.01 (highlighted) are inferred to be present in the individuals. Table S7 . PRDM9 alleles in 50 children from SJDALL cohort based on read data.
SUPPLEMENTARY TABLES
Proportion of Exome Sequencing Reads
Patients are separated in 4 B-ALL subtypes: ETV6 translocation (SJETV), hypodiploid (SJHYPO), infant (SJINF) and Philadelphia chromosome-positive (SJPHALL). Reported ethnicities were verified by PCA of genotyped data ( Figure S8 ). Illumina read data from tumor and normal sample sequencing were used. Repeat types found in the read data with a proportion above 0.01 (highlighted) are inferred to be present in the individuals. Repeat types (a to l) are described in Figure S6 . Table S8 : Most frequent translocations and fusion genes in ALL.
Sample
(A) The most frequent translocations involved in ALL found in the dbCRID and Mitelman database [17, 18] . Translocations were selected only if they were reported in more than 10 entries for ALL in these databases. (B) The ALL gene is composed of 38 fusion genes involved in the translocations reported in (A) and found to be implicated in ALL in peer-reviewed publications.
A Entries in Databases Translocations
Cytogenetic bands dbCRID Mitelman Number of motifs A and C, as presented in Table 2 , in coding regions (similar results are obtained for the whole genome) and in the ALL gene list (Table S8) . We compared counts using odds ratios (OR), to measure the association between motifs and their occurrence in the ALL gene list. The motif search was performed on the non-degenerate version of the Human Reference Genome (hg18). Repetitive regions were obtained from UCSC tables, with regions found by RepeatMasker [19] and Tandem Repeat Finder [20] programs considered as repetitive DNA. Segmental duplications coordinates were also obtained from UCSC tables. The variant allele is evenly sampled in patient 383 samples but is not seen in any of the other samples. Given the data, the probability that this mutation was inherited is p = 9.77×10 Recombination events were called using genotyping data from the Affymetrix 6.0 array. The FC cohort is composed of 69 French-Canadian quartets. For the ALL quartet, only children's posttreatment samples were used to infer recombination. Mothers (triangles) and fathers (circles) are ordered according to their recombination rate. Genetic markers from Affymetrix 6.0 platform were used for all individuals, including the ALL quartet parents. Individuals were selected from the Moroccan cohort [14] based on ancestry, chosen to be the closest to the ALL quartet parents ( Figure S3 ). PRDM9 ZnF alleles were assayed by Sanger sequencing. Alleles A, B, E, L14 and L20 are described previously [8] . Alleles L35, L36 and L37 are novel alleles, described in Supplementary Results. We computed the proportion of recombination events overlapping the 17-bp and 13-bp predicted to be recognized by the C and A alleles of PRDM9, respectively, for parents of the ALL quartet, compared to parents from 69 French-Canadian quartets. The 13-bp motif, CCNCCNTNNCCNC is enriched in linkage disequilibrium-based hotspots inferred from HapMap data, whereas a 17-bp motif, CCNCNNTNNNCNNNNCC, is associated with African-enriched hotspots. Recombination events were called using genetic markers from Affymetrix 6.0 platform for all individuals, including the ALL quartet parents for which only children's post-treatment samples were used to call recombination events. Mothers (triangles) and fathers (circles) are ordered according to the proportion of motifs found near their recombination events. Paternal ordering Proportion of events with C motif Modified from Berg et al. 2010 [8] . Variable codons are colored. Red bases in ZnF repeat types from K to X are differences with respect to the closest repeat type present in the hg18 reference genome (note that the hg18 reference genome does not encode the E finger and therefore, the L finger is two differences away from the C repeat type). Repeat types M, N and S [8, 21] were not found in this study. The 3 codons coding for the binding unit of each repeat (positions -1, 3 and 6 of the ZnF alpha helices) are indicated. The ZnF array in exon 11 of PRDM9 was amplified as described in Baudat et al. 2010 [21] . Sanger sequencing was performed with primers 214F, 731F, 1742R and 1992R. Graphical view of all paternal (blue) and maternal (red) crossover breakpoints that occurred in affected children inferred based on exome and genotyping SNPs (Supplementary Methods). When the lines are a part, the two brothers copied different parental chromosomes and when they are close together, they copied the same parental chromosome and share the same haplotype. White spaces represent regions were no informative markers were available. Small dots between parental tracks represent single markers that caused double crossover events and are likely to be SNP calling errors [6] . For small double crossovers, occurring within ≤50Kb and resulting from more than one marker, we indicated the number of informative markers separating them. Small double recombinants are likely to be false positive or reflect gene conversion events (see Supplementary Methods for details on checks performed in order to control for false positive breakpoints). The yaxis shows the position on the chromosome in tens of Mb. (next page)
